Patients with catheter colonization (CC) or hemodynamically stable catheter-related bloodstream infection (CRBSI) received ALT per institutional policy. We analyzed the incidence of CC and CRBSI and salvage rate of tunneled CVCs (Hickman) with ALT in patients undergoing hematopoietic stem cell transplant in this retrospective study.
Catheter colonization was noted in 9.8% and CRBSI in 10.7% patients. Gram-negative bacilli (GNB) accounted for 45% and 83% of isolates in CC and CRBSI, respectively. In patients with CRBSI, the rate of catheter salvage with the use of ALT in addition to systemic antibiotics was 86% compared to 55% in patients with systemic antibiotics use only (P = 0.06). There was no CRBSI related mortality, and no increase in resistant strains was noted at subsequent CRBSI. In conclusion, ALT represents an important strategy for catheter salvage, especially for gram-negative infections, in a carefully selected patient population.
K E Y W O R D S
antibiotic lock, catheter-related infections, central venous catheter, Hickman catheter HSCT due to the prolonged neutropenia and immunosuppression seen in these patients. A frequently employed strategy in managing such infections has been catheter removal. The decision to remove a CVC is dictated not only by the clinical condition of the patient, but is also influenced by the organism isolated, with CVCs generally removed for infections with S. aureus and Candida spp. whereas gram negative infections are associated with better catheter salvage rates. [10] [11] [12] [13] Re-insertion of a CVC, especially a tunneled one, is associated with the risk of iatrogenic complications like pneumothorax, nerve and soft tissue injury and bleeding, along with the added costs. Thus, it is important to develop strategies by which catheter removal can be avoided without worsening the outcomes of the infectious complications.
One of the important mechanisms in the pathogenesis of CRBSI and CC is biofilm formation, a process wherein the microorganisms adhere to the inner surface of CVC and exhibit much higher minimum inhibitory concentrations (MICs) for antibiotics when compared to non-biofilm related infections. [14] [15] [16] To address this issue, the strategy of antibiotic lock therapy (ALT) was devised to achieve 100-1000-fold higher MICs in lumen compared to what can be achieved upon systemic administration. [17] [18] [19] ALT involves instilling a concentrated solution of antibiotic into the lumen(s) of a colonized intravenous catheter in a way that the volume is sufficient to fill the lumen, but not spill into the systemic circulation. 19 Antibiotic lock and flush has been shown to be beneficial for catheter salvage in CRBSI. [20] [21] [22] [23] However, the patient population and microbiologic profile in these studies have been heterogeneous. The heterogeneity of the existing data means the applicability of ALT in HSCT setting needs to be further reviewed, especially for infections involving GNBs, wherein catheter salvage is a feasible option. Our study aimed to look at the incidence, microbiologic patterns, treatment patterns, and effectiveness of antibiotic locks for CC and CRBSI. 
| MATERIAL S AND ME THODS

| Selection of cases and type of CVC inserted
| Definitions
• Catheter colonization was defined as the growth of an organism in culture drawn as a part of surveillance from any lumina of CVC, in the absence of fever or chills.
• CRBSI was defined as growth of a recognized pathogen from any lumina of CVC in the presence of fever (>38°C), chills, or hypotension with no growth in blood drawn from peripheral vein or growth of the same pathogen in peripheral vein blood culture as in CVC with a differential time to positivity of ≥2 hours. Table 1 .
| Culture technique
BD BACTEC™ 9050 (Becton, Dickinson and Co., Franklin Lakes, New Jersey, USA) automated blood culture system was used for incubation and detection of positive blood cultures. VITEK Ⓡ 2 system (bioMérieux, Durham, North Carolina, USA) was used for automated bacterial identification and antibiotic susceptibility testing.
| Statistical analysis
Descriptive statistics were used for depicting demographic data.
Catheter-days were calculated as the sum of duration from the insertion of CVC to the removal of CVC or till date of last follow-up with CVC in situ for all patients. Two-sided Fisher's exact test was used to compare catheter salvage rates in patients with CRBSI with or without the use of ALT. The duration of systemic antibiotics used in patients with or without ALT was compared using Wilcoxon test.
The statistical analysis was performed using JMP 13.0 software (SAS Institute, Cary, North Carolina, USA).
| RE SULTS
Of 224 patients undergoing HSCT that were included in this study, 95 underwent autologous and 129 underwent allogenic HSCT. After a Table 3 . Antibiotic lock therapy was not used in 37.5% (9/24) patients with CRBSI. All of these had GNB as the pathogens with six being proven ESBL producers. All these patients were initially treated with broad spectrum systemic antibiotics, which were later tailored to the sensitivity pattern after the availability of the same.
Catheter removal was necessary in 44% (4/9) patients with CRBSI in whom antibiotic lock was not used. The rate of catheter salvage was higher (86.6%) in the group with use of ALT, compared to that in patients without use of ALT (55.5%; P = 0.06). There was no sta- 
| D ISCUSS I ON
Catheter-related infections continue to be a major problem in patients requiring long term indwelling catheters. Historically, the GNBs as the cause of CRBSI in 68% patients. 25 In our study as well, the proportion of CRBSI due to GNB was higher (83%) compared to majority of the previously published literature. 9, 26, 27 Such high rates of GNB in our study could be related to the translocation of GNB from the gastrointestinal tract due to mucosal injury associated with the transplant conditioning regimens. 28 In our study, ALT was used in majority of patients with CC and only one patient progressed to develop a CRBSI later. As CC was detected on routine surveillance cultures drawn at the time of Hickman insertion, these patients were clinically stable and non-neutropenic.
TA B L E 1 Antibiotic lock constitutions used in patients with catheter-related infections
The management of CRBSI, however, is more nuanced with a lot of factors influencing decision-making. These include identifying the pathogen, the clinical condition of the patient including hemodynamic stability and the immediate availability of an alternative intravenous access. 16 The ongoing need for having a central venous access and familiarity with the use of ALT are also important pointers in the decision for CVC removal. In our study, systemic antibiotics were used in all patients with CRBSI irrespective of the use of ALT.
The patients with CRBSI in whom ALT was used showed excellent catheter salvage rates. This may be due to the fact that incidence of CRBSI due to Candida and S. aureus, organisms traditionally treated with catheter removal, was low. In spite of a low sample size, there was a trend toward improvement in the catheter salvage rates with the use of ALT compared to the cohort of patients in whom systemic antibiotic therapy alone was used without ALT. Also, the duration of systemic antibiotics used was not significantly different in the two
groups. An important finding was that the rate of recurrent CRBSI was very low, and there was no increase in the risk of isolation of a resistant strain with the use of ALT for CRBSI. A previous prospective randomized study comparing placebo with ALT in CRBSI had also shown similar fewer recurrences with same bacterial species in patients with ALT. 29 There was no mortality attributable to CRBSI in our study, again affirming that ALT without catheter removal does not have detrimental outcomes from the associated infections.
The maximum risk of CRBSI in our study was in the first 3 weeks post-insertion of Hickman catheter. This finding can be attributed to the overlap with the duration of neutropenia in HSCT. This is also the time of maximal mucosal injury and probably the associated neutropenia allows GNB from gut to lead to catheter infection. In a previously reported study looking at patients with hematologic malignancies, the rates of CRBSI were also found to be highest in the first week of catheter insertion. 25 The limitation of our study was its retrospective nature. Due to the small sample size, it is difficult to impute as to which patients with CRBSI should go for ALT from the findings of our study. Given the high proportion of gram negative pathogens in our study, it is difficult to extrapolate these results to CRBSIs due to other pathogens. This study included patients treated at a single tertiary referral center and may not be a true reflection of the epidemiology and etiology of catheter-related infections across the region. At the same time, this being a single center study meant that there was a high degree of homogeneity in treatment practices, including antibiotic policies. The major strengths of this study are the uniformity of patient population with all patients being of hematological malignancies F I G U R E 1 Incidence of catheter-related blood stream infections (CRBSI) based on the time of insertion of Hickman catheter undergoing HSCT. Also, the catheter used was a tunneled CVC in all cases. With the above mentioned limitations, this study does reinstate that the judicious use of antibiotic locks in an appropriately selected population can increase the rates of catheter salvage.
| CON CLUS ION
Gram negative bacilli represent the predominant pathogens responsible for catheter-related infections in our study. Antibiotic lock therapy seems to be an effective strategy, especially in catheter-related blood stream infections due to gram negative pathogens, with catheter salvage rate of more than 80% in patients with CC and CRBSI.
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